LAW OFFICES 

Finn ec an, Henderson, 
Farabow, Garrett, 
6 dunner, l. l.p. 

1300 I STREET, N. W. 
WASHINGTON, D. C. 2000S 
202-408-4000 



PATENT 
Atty. Dkt. No.: 2405-190 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Joost Van Neerven 

Serial No.: 09/467,901 

Filed: December 21, 1999 

For: Method of Detecting and/or Quantifying a 
Specific Ige Antibody in a Liquid Sample 



Group Art Unit: 1743 




CLAIM FOR PRIORITY 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Under the provisions of Section 1 19 of 35 U.S.C., applicant hereby claims the benefit of 
the filing date of Danish Patent Application No. PA 1998 01709, filed December 22, 1998, for 
the above-identified United States Patent Application. 

In support of the claim for priority made December 21, 1999, a certified copy of said 
Danish Patent Application is attached hereto. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 



By: 



Date: March 21, 2000 




Arthur S. Garrett 
Registration No.: 20,338 




Kongeriget Danmark 



Patent application No.: PA 1998 01709 

Date of filing : 22 December 1 998 

Applicant: ALK-ABELL6 A/S 

Boge Alle 6-8 
DK-2970 Hersholm 

This is to certify the correctness of the following information: 

The attached photocopy is a true copy of the following document: 

The specification, claims, abstract and drawings as filed with the 
application on the filing date indicated above. 





Head Clerk 



Modtaget PD 



Modtaget PD 
2 3 OEC. 1998 



A method of detecting and/or quantifying a specific IgE 
antibody in a liquid sample 

The present invention relates to a method of detecting 
5 and/or quantifying an IgE antibody specific to a ligand 
in the form of antigen, antibody or hapten in a liquid 
sample . 

WO 94/11734 describes a two-site immunoassay for an 
10 antibody using a chemiluminescent label and a biotin 
bound ligand, said method comprising the steps of (a) 
mixing the liquid sample with a ligand antigen, antibody 
or hapten bound to biotin or a functional derivative 
thereof, an antibody directed against the antibody to be 
15 detected bound to paramagnetic particles and a 
chemiluminescent acridinium compound bound to avidin, 
streptavidin or a functional derivative thereof to form 
a solid phase complex, (b) magnetically separating the 
solid phase from the liquid phase, (c) initiating a 
20 chemiluminescent reaction, if any, in the separated solid 
phase and (d) analysing the separated solid phase for the 
presence of a chemiluminescent phase, which is indicative 
of the presence of said antibody in the sample. 

25 The prior art method is particularly suitable for 
measuring the concentration of specific immunoglobulins 
in body fluids, such as a specific immunoglobulin 

« 

* selected from the group of IgA, IgD, IgE, IgG, IgM and 

* subclasses thereof. 
30 

The prior art method is also suitable for the detection 
and quantification of the total content of 
immunoglobulins in a class or subclass, such as IgA, IgD, 
IgE, IgG, IgM and subclasses thereof. 

35 



2 



WO 98/23964 discloses a method of detecting canine, 
feline and equine IgE. One embodiment of the method 
comprises the steps of a) binding human Fee receptor 
{FceRI) to a substrate, b) contacting the substrate-FceRI 
5 with an IgE-containing composition to form a complex of 
substrate-FceRI-IgE, c) removing excess non-bound 
material, d) adding an indicator molecule in the form of 
e.g. an antigen, which can selectively bind to the IgE of 
the complex, wherein said indicator molecule may be 
10 conjugated to a detectable marker, e.g. a fluorescent 
label or a ligand, such as biotin, e) removing excess 
indicator molecule and f) measuring the labelled complex 
formed. 

15 Elsewhere in the document it is generally mentioned that 
the substrate may be e.g. a particulate material, 
including magnetic particles, or a recombinant cell 
expressing the FceRI . Also it is generally mentioned that 
the detectable marker may be a chemi luminescent label. 

20 

The prior art assay disclosed in WO 98/23964 uses an 
excess of substrate-FceRI and hence measures the full 
content of the specific IgE to be detected as well as 
other immunoglobulins, e.g. IgG, which may bind to the 
25 FceRI used. The assay is carried out in strict in vitro 
conditions involving washing steps after addition of 
serum to substrate-FceRI as well as after addition of 
antigen. 

« 

30 The article "Regulation and targeting of T-cell immune 
responses by IgE and IgG antibodies", Bheekha Escura et 
al., Immunology, Vol. 86, 343-350, 1995, discloses a 
method comprising the steps of a) incubating mouse/human 
chimeric monoclonal IgE specific to NIP (5-iodo-4- 

35 hydroxyl-3-nitrophenacetyl) with allergen-NIP to form a 
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complex, b) incubating the complex with B cells, c) 
removing excess complexes by washing and d) incubating 
the resulting cells with fluorescence labelled antibody 
against the NIP specific antibody, and e) detecting the 
5 fluoresecence. 

Summary of the invention 

The technical problem addressed by the present invention 
10 is to provide a method of detecting and/or quantifying a 
specific IgE antibody in a liquid sample, which allows 
the binding reactions between the various reactants to be 
carried out in more in vivo like conditions so as to give 
an IgE measurement that reflects the ability of IgE to 
15 exert its effector functions through binding to its 
receptor rather than just measuring the presence of IgE 
in a sample. 

The method of the present invention is characterized in 
20 -comprising the steps of 

(a) contacting (i) the sample with (ii) a ligand in the 
form of an antigen, an antibody or a hapten to form a 
mixture I comprising IgE-containing complexes, 

(b) mixing mixture I with a carrier to which is bound 
(iii) IgE receptor, said IgE receptor being CD23 (FceRII) 
and/or FceRI, to form a mixture II comprising carrier- 
bound IgE-containing complexes, 

(c) separating the carrier-bound IgE-containing complexes 
from mixture II, and 

(d) determining the amount of the carrier-bound IgE- 
35 containing complexes formed. 



25 



V 

30 
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The low affinity IgE receptor CD23 (FceRII) is found on 
the surface of eosinophils, activated B and T cells and 
dendritic cells. CD23 is a multifunctional receptor, 
5 which has been shown to play an important role in IgE- 
mediated antigen presentation. It is believed that CD23 
primarily binds IgE present in the form of multi- 
component complexes containing both IgE and 
antigen/allergen (1,2). However, there have been reports 
10 that NIP-specific monoclonal IgE in monomeric form can 
bind to CD23 (3) . However, it cannot be excluded that 
aggregation of the purified monoclonal IgE antibody takes 
place, CD23 consists of an ot-chain, and it may be present 
as a monomer, a dimer or a trimer. 

15 

The high affinity IgE receptor FceRI is found on the 
surface of mast cells and basophils, and also on 
Langerhans cells, monocytes and dendritic cells. FceRI 
has also been shown to play a role in IgE-mediated 

20 antigen/allergen presentation (4) . IgE may bind to FceRI 
in the form of monomeric IgE, IgE-antigen/allergen and 
multi-component complexes containing both IgE and 
antigen/allergen. FceRI on mast cells and basophils 
consists of an oc-chain, a |3-chain and a y-chain, and 

25 FceRI on Langerhans cells, monocytes and dendritic cells 
consists of an a-chain and a y~ ch SLin. 

The present invention is based on the recognition that it 
is possible to use CD23 in an antibody detecting assay 
30 provided that the IgE-containing sample is allowed to 
react with the antigen/allergen before, or at the latest 
simultaneously with, the binding to CD23. 

The present invention is further based on the recognition 
35 that in general an assay procedure, wherein the IgE- 
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containing sample is allowed to react with the 
antigen/allergen in a first step, and wherein the 
complete resulting mixture is contacted with the carrier- 
IgE receptor, simulates closely the conditions, in which 
5 the identical reactions take place in vivo. 

In particular, the assay of the invention simulates any 
interference from other immunoglobulins, as well as any 
other potentially interfering component, present in the 

10 sample, which may take place during the formation of the 
multi-component complexes containing IgE and 
antigen/allergen as well as during the formation of IgE- 
antigen/allergen. Also, * it is possible that interference 
from other ingredients of the resulting mixture also 

15 takes place in the binding between carrier-IgE receptor 
on the one hand and monomeric IgE, IgE-antigen/allergen 
and the multi-component complexes containing IgE and 
an t i gen/ a 1 1 e r gen . 

20 Thus, the assay of the invention makes it possible to 
measure the level of specific IgE, which in in vivo 
conditions is able to bind to the CD23 and/or FceRI 
receptors thereby exerting its biological function. In 
the following, this is referred to as the relevant in 

25 vivo level of IgE. An achievement of the present 
invention is the recognition that such a measurement of 
the relevant in vivo level of IgE holds valuable 
information about the subject from which the sample is 
taken, since it is the ability of the IgE present to bind 

30 to the IgE receptors rather than the total level of IgE, 
which determines the immunological status of the said 
subject. Thus, the assay of the invention has provided a 
possibility of determining the immunological status of 
the subject much more accurately than with prior art 

35 assays. 
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In particular, the assay of the invention is valuable in 
connection with the monitoring and the evaluation of the 
immunological status of subjects receiving Specific 
5 Allergy Vaccination (SAV) treatment. Thus, it has been 
shown that SAV treatment results in an inhibition or 
reduction of the binding of IgE to IgE receptors, and 
hence the relevant in vivo level of IgE gives a much more 
precise measure of the severity of the allergic disease 

10 than the total IgE level in as much as the two said 
levels may differ significantly. For example, the in vivo 
level of IgE as determined by the method of the invention 
before and after SAV treatment may differ by a factor 
four, whereas in comparison the IgE level measured by a 

15 conventional IgE assay is unchanged before and after SAV 
treatment - 

The present invention further relates to the use of the 
method of any of claims 1-13 to monitor and evaluate the 
20 immunological status of subjects, in particular humans, 
including both allergic and non-allergic subjects. 

In particular, the present invention relates to the use 
of the method of any of claims 1-13 to monitor and 
25 evaluate the immunological status of subjects, in 
particular humans, receiving Specific Allergy Vaccination 
(SAV) treatment . 

Detailed description of the invention 

30 

In an embodiment of the invention the ligand is labelled. 

The expression "labelled ligand" means any ligand 
comprising a labelled atom or part, e.g. a radioactive 
35 atom label. 
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In another embodiment of the invention the ligand used in 
step a) is bound to (iv) a label compound. In a further 
embodiment of the invention, (iv) a label compound is 
5 added in step a) in addition to (i) the sample and (ii) 
the ligand. Also, (iv) a label compound may be added to 
the IgE-containing complexes formed in step a) . 

In a preferred embodiment of the invention (iv) a label 
10 compound is added to the carrier-bound IgE-containing 
complexes formed in step (b) . 

In a particularly preferred embodiment of the invention 
(iv) a label compound is added to the carrier-bound IgE- 
15 containing complexes resulting from the separation step 
(c) to form a mixture II', in which case the resulting 
labelled and carrier-bound IgE-containing complexes are 
separated from mixture II' and washed prior to step (d) . 

20 The expression "label compound" means any suitable label 
system conventionally used in immunoassays comprising 
luminescent labels, chemi luminescent labels, enzyme 
labels, radioactivity labels, fluorescent labels, and 
absorbance labels . 

25 

In a preferred embodiment of the invention, the (iv) 
label compound is a chemiluminescent compound covalently 
bound to avidin, streptavidin or a functional derivative 
thereof, 

30 

The chemiluminescent label is preferably an acridinium 
compound, such as N-hydroxy-succinimide 

dimethylacridiniumester (NHS-DMAE) . Avidin/streptavidin 
and DMAE may be coupled according to the methods of Weeks 
35 et al., Clinical Chem., Vol. 29, 1474-1479 (1983). Other 
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examples of chemi luminescent compounds suitable for use 
in the present invention are luminol, lucigenin and 
lophine . 

5 Depending on the type of label system used, the label 
compound may be bonded directly to the ligand or it may 
be coupled to the ligand by means of biotin. In a 
preferred embodiment of the invention the ligand is bound 
to biotin or a functional derivative thereof. Biotin is 
10 preferably bound to the ligand added in step (a) . 

The label compound may also be coupled to the IgE to be 
detected by means of an antibody to the IgE, wherein the 
antibody to IgE is coupled to IgE in such a manner that 

15 the binding of the IgE to the IgE receptor is not 
hindered. The combination of the label compound and the 
antibody to IgE is preferably added to the carrier-bound 
IgE-containing complexes formed in step (b) or (c) . 
Alternatively, the combination of the label compound and 

20 the antibody to IgE is added previously either 
simultaneously with the sample and the ligand in step (a) 
or it is added to the IgE-containing complexes formed in 
step (a) . 

25 Preferably, the IgE-containing sample is contacted with 
the ligand and allowed to incubate to form a mixture I 
(step (a) ) before contacting mixture I with the 
carrier/IgE receptor (step (b) ) . The duration of the 
incubation of the sample and the ligand may be from 1 to 

30 120, preferably 5 to 60, more preferably 10 to 40, 
minutes . 

Alternatively, step (a) and (b) are carried out 
simultaneously in one operation, i.e. the IgE-containing 
35 sample, the ligand and carrier-IgE receptor are mixed and 
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incubated together. In this case the duration of the 
incubation may be from 1 to 120, preferably 5 to 60, more 
preferably 10 to 30, minutes . 

5 The carrier may be any solid material commonly used in 
immunological assays, such as a biological cell, e.g. a B 
cell; a particulate material composed of e.g. glass, a 
metal, i.a. iron, or a polymer; a paramagnetic particle; 
and a plate, a well, a dish or a tube composed of a 
10 polymer. 

The carrier is preferably a particle, most preferably a 
paramagnetic particle. The term "paramagnetic particle" 
means any paramagnetic particle, which may be dispersed 
15 or suspended in a liquid medium, e.g. "Biomag" particles 
(iron oxide particles coated with amine terminated 
groups) sold by Advanced Magnetics Inc., U.S.A., and 
"Dynabeads" (iron oxide covered with a polymer) sold by 
Dynal A.S., Norway. 

20 

When a particulate material is used as carrier, the 
separation of the solid phase complex from the liquid 
phase may, depending on the type of solid particle used, 
be carried out by i.a. magnetic separation, filtration, 
25 sedimentation, centrif ugation, chromatography, column 
chromatography. 

In a preferred embodiment of the invention the IgE to be 
detected is quantified using both CD23 alone to obtain a 
30 first measurement and using FceRI alone to obtain a 
second measurement. 

CD23-mediated antigen presentation at low antigen 
concentrations via B cells facilitates activation of CD4 + 
35 T cells, which play an important role in late phase 
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allergic responses, i.e. in responses appearing between 
about 6 and 2 4 hours upon exposure- FceRI- triggering of 
mast cells and basophils after cross-linking of IgE 
causes the immediate allergic responses. Thus, the 
5 biological functions of CD23 and FceRI are different, and 
hence the results obtained with the assay of the 
invention using as IgE receptor CD2 3 and FceRI , 
respectively, hold different information about the 
immunological status of the subject, from which the IgE- 
10 containing samples originate. It is therefore 
advantageous to obtain results for both CD23 and FceRI in 
order to provide a more complete basis for monitoring and 
evaluating the immunological status of the subject. 

15 In another preferred embodiment of the invention a 
combination of CD23 and FceRI is used- In case the 
carrier used is a particulate material, CD23 and FceRI 
may be bound to separate particles or to the same 
particles . 

20 

The method of the invention may be carried out using an 
excess of ligand compared to expected IgE level in the 
sample. It is possible to use a large excess of ligand, 
e.g. a ratio of ligand to IgE of up to 10000. 

25 

In a further preferred embodiment of the invention the 
number of ligand molecules is between 100 % and 10.000 %, 
preferably between 100 % and 1000 %, more preferably 
between 100 % and 200 %, more preferably between 100 % 
30 and 150 %, and most preferably between 100 % and 120 %, 
of the number of IgE molecules to be detected. 

Preferably, the method of the invention is carried out at 
a temperature of from 0 °C to 100 °C, more preferably 0 °C 
35 to 40 °C, and most preferably 20 °C to 38 °C. 
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The preferred ratio of IgE to ligand depends on a number 
of factors, such as the type of carrier, the 
characteristics of the IgE to be detected, and the 
5 characteristics of the IgE receptor and ligand 
corresponding to the IgE to be detected, and it should 
therefore be optimised for the specific assay to be 
carried out. However, it is in general preferred that the 
ratio is within the limits mentioned above, since the 

10 best results with respect to measuring the relevant in 
vivo level of IgE are obtained with such a ratio. It is 
believed that the explanation for this is that as 
mentioned above CD23-mediated antigen presentation is a 
mechanism that enhances antigen presentation at low 

15 antigen concentrations. At high antigen concentrations 
the said mechanism becomes irrelevant, because enough 
antigen will be presented by antigen presenting cells 
even without specific capture by CD23 . 

20 The present invention in particular relates to a method 
of detecting and/or quantifying a specific IgE antibody 
in a liquid sample comprising the steps of 

(a) contacting (i) the sample with (ii) a ligand in the 
25 form of an antigen, an antibody or a hapten to form a 
mixture I comprising IgE-containing complexes, wherein 
the ligand is bound to biotin or a functional derivative 
thereof, 

30 (b) mixing mixture I with a carrier to which is bound 
(iii) IgE receptor, said IgE receptor being CD23 (FceRII) 
and/or FceRI, to form a mixture II comprising carrier- 
bound IgE-containing complexes, 
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(b' ) separating the carrier-bound IgE-containing 
complexes from mixture II and washing the said complexes, 

(b' ' ) adding to the washed carrier-bound IgE-containing 
5 complexes a solution of (iv) a chemiluminescent compound 
covalently bound to avidin, streptavidin or a functional 
derivative thereof to form a mixture II', 

(c) separating the carrier-bound IgE-containing complexes 
10 from mixture II f and washing the said complexes, 

(d) initiating a chemiluminescent reaction in the 
resulting IgE-containing complexes and 
detecting/measuring the resulting chemiluminescence, if 

15 any* 

Definitions 

In the present invention the expression "specific IgE 
20 antibody" means any specific immunoglobulin of the IgE 
isotype as well as any other immunoglobulin, which has an 
affinity for the IgE receptors CD23 and/or FceRI . 

The term "liquid sample" means any liquid or liquefied 
25 sample, including solutions, emulsions, dispersions and 
suspensions. The sample may be a biological fluid, such 
as blood, plasma, serum, urine, saliva and any other 
fluid, which is excreted, secreted or transported within 
a biological organism. 

30 

The expression "ligand in the form of an antigen, an 
antibody or a hapten" may be any immunologically active 
substance. "Antigen" may be an allergen, e.g. pollen from 
trees, grass, weeds etc., mould allergens, allergens from 
35 acarids (mites) and animals, such as cat, dog, horse, 
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cattle and bird, allergens of stinging insects and 
inhaled allergens of insects, and food allergens; 
"antibody" may be a monoclonal or polyclonal antibody, 
including recombinant and fragmented antibodies; and 
5 "hapten" may be carbohydrate moieties or fragments 
thereof, enzyme inhibitors or drugs, e.g. penicillin or a 
derivative thereof. 

In connection with the present invention the term M IgE 

10 receptor" means CD23 (FceRII) and/or FceRI . The term 
"CD23" means any formulation thereof and any part 
thereof, including CD23 in pure form or in a mixture, 
solution or extract; synthetic or recombinant CD23; CD23 
originating from natural sources; and whole CD23 and 

15 parts thereof. The a-chain of CD23 may be used as a 
trimer, a dimer or a monomer, and only the a-chain or the 
soluble part thereof, i.e. the part extending from the 
outer surface of the cell membrane, or a section of the 
soluble part of the a-chain may be used as CD23. "FceRI" 

20 means any formulation thereof and any part thereof, 
including FcsRI in pure form or in a mixture, solution or 
extract; synthetic or recombinant FceRI ; FceRI 
originating from natural sources; and whole FceRI and 
parts thereof. In particular, only the a-chain, which is 

25 primarily responsible for the binding of IgE, or the 
soluble part thereof, i.e. the part extending from the 
outer surface of the cell membrane, or a section of the 
soluble part of the a-chain may be used as FceRI. 

30 The present invention is described in further detail with 
respect to the drawings, wherein 

Fig. la shows the fluorescence level measured in an assay 
of the invention using (i) no serum and no 
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allergen, (ii) a control serum and allergen, and 

(iii) allergic patient serum and allergen. 

Fig. lb shows the fluorescence level measured in an assay 
of the invention using (i) a control serum and 
5 allergen, (ii) allergic patient serum and 

allergen, (iii) allergic patient serum, antibody 
to CD19 and allergen, and (iv) allergic patient 
serum, antibody to CD2 3 and allergen. 
Fig. lc shows the fluorescence level measured in an assay 
10 of the invention using (i) no serum and no 

allergen, (ii) allergic patient serum and no 
allergen, (iii) allergic patient serum and 
allergen, (iv) allergic patient serum, allergen 
and antibody to IgG, and (v) allergic patient 
15 serum, allergen and antibody to IgE. 

Fig. 2a shows the fluorescence level measured in an assay 
of the invention using (i) allergic patient serum 
and no allergen, (ii) allergic patient serum and 
allergen, (iii) allergic patient serum, SAV- 
20 treated allergic patient serum and allergen, and 

(iv) SAV-treated allergic patient serum and 
allergen . 

Fig.2b shows the IgE level of situations (i)-(iv) of 
Fig. 2a calculated on the basis of measurements 
25 of the IgE level of allergic patient serum and 

SAV-treated allergic patient serum in a reference 
total IgE assay. 
Fig. 3 is a diagrammatic representation of one preferred 
embodiment of the invention 
30 Fig. 4 is a diagrammatic representation of a second 
preferred embodiment of the invention 



Fig. 3 shows the steps of a preferred embodiment of the 
assay of the invention in principle. In a first step a 
35 biotinylated allergen and a sample containing IgE 
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specific to the allergen (designated "IgE" in the figure) 
are mixed and incubated to form a mixture I containing 
complexes including a number of IgE molecules and a 
number of allergen molecules, the mixture I further 
5 comprising excess IgE and allergen. In a second step, a 
particulate carrier to which a number of CD23 molecules 
(and/or a number of FceRI molecules) are bound is added, 
and the said complexes are bound to the carrier via CD2 3 
to form a mixture II. Possibly, a smaller amount of IgE 

10 may bind to CD23 in monomeric form. In a third step, the 
carrier-bound complexes are separated from mixture II and 
washed one or more times to remove non-bound reactants . 
Also, the washing will remove any non-bound complexes, 
which may be present, since as mentioned above it is 

15 possible that the interference taking place in the 
present assay is the result of an inhibition of the 
binding of complexes to the IgE receptor. The separation 
of the complexes from mixture II may e.g. be carried out 
by magnetic separation, if paramagnetic particles are 

20 used as carrier. A chemiluminescent label, preferably a 
streptavidin-acridinium ester reagent, is incubated with 
the carrier-bound complexes to bind the label to the 
complex-bound biotin. Following the incubation the 
carrier-bound, labelled complexes are separated and 

25 washed to remove non-reacted label molecules, and the 
chemiluminescent reaction is started by use of a suitable 
reagent, e.g. sodium hydroxide, and the chemiluminescence 
of the carrier-bound, labelled complexes is measured. 

30 Fig. 4 shows the steps of a preferred embodiment of the 
assay of the invention in principle. In a first step a 
biotinylated allergen, a sample containing IgE specific 
to the allergen (designated "IgE" in the figure) and a 
particulate carrier to which a number of CD23 molecules 

35 (and/or a number of FceRI molecules) are bound, are mixed 
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and incubated to form a mixture II containing carrier- 
bound complexes including a number of IgE molecules and a 
number of allergen molecules, the mixture II further 
comprising excess IgE and allergen as well as non-bound 
5 complexes. Then, the carrier-bound complexes are 
separated from mixture II and washed one or more times. 

Subsequently, a chemi luminescent label, preferably a 
streptavidin-acridinium ester reagent, is incubated with 

10 the carrier-bound complexes to bind the label to the 
complex-bound biotin. Following the incubation the 
carrier-bound, labelled complexes are separated and 
washed to remove non-reacted label molecules, and the 
chemiluminescent reaction is started by use of a suitable 

15 reagent, e.g. sodium hydroxide, and the chemi luminescence 
of the carrier-bound, labelled complexes are measured. 

In the following, the invention is described in further 
detail with reference to the Examples. 

20 

Examples 

In the examples the following abbreviations are used: 
FITC: Fluorescein isothiocyanat 
25 EBV: Epstein Barr virus 
SU: Standard Units 
SAV: Specific Allergy Vaccination 

Example 1 

30 Detection of the binding of birch allergen-specific IgE 
to CD23 expressed by EBV-transformed B cells by 
flowcy tome trie analysis . 

FITOlabelled Betula verrucosa (Bet v) extract (1 |ig/ml) 
35 was incubated with control serum 734 {no detectable IgE 
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in a reference assay measuring the total content of IgE 
(MagicLite®, ALK-ABELLd, Hoersholm, Denmark) ) , or with 
birch allergic patient serum 1464 (>800 SU/ml birch- 
specific IgE in MagicLite® assay) at a final serum 
5 concentration of 60%. EBV transformed B cells from an 
allergic patient in culture medium were added to a final 
concentration of 4xl0 6 /ml and incubated for 1 hour at 
37°C, followed by two washes to remove excess allergen. 
After washing the cells, binding of FITC-labelled Bet v 
10 (Bet v*) to the B cells was analysed by measuring 
fluorescence using a FACSCalibur f lowcytometer . 

The results are shown in Fig. la, wherein the Mean 
Fluorescence Intensity (MFI) is indicated for (i) no 
15 serum and no Bet v (Background) designated ^Medium only" 
in Fig. la, (ii) s734 and Bet v, and (iii) sl464 and Bet 
v. The results demonstrate that the binding of FITC- 
labelled birch allergen extract to B lymphocytes that 
express CD23 can be demonstrated directly. 

20 

In blocking experiments with antibody to CD23 and 
antibody to CD19 for reference, EBV-B cells were 
incubated for 1 hour at 4°C with these antibodies before 
adding the cells to the mixtures of Bet v and serum. Fig. 

25 lb shows the Mean Fluorescence Intensity (MFI) for (i) 
s734 serum, (ii) sl464, (iii) sl464 and antibody to CD19, 
and (iv) si 464 and antibody to CD2 3. As will appear from 
Fig. lb the preincubation of the B cells with antibody to 
CD23 inhibits the binding of FITC-labelled birch extract 

30 to the B cells, whereas preincubation with an antibody to 
an irrelevant B cell surface antigen, CD19, does not 
inhibit the binding. This demonstrates that FITC-labelled 
birch extract binds to CD23, the low affinity IgE 
receptor . 

35 
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Additional experiments, in which polyclonal anti-IgG or 
anti-IgE antibodies were preincubated with the allergic 
patient serum (sl464) for 1 hour at 37 °C before adding 
Bet v were carried out. Fig. lc shows the Mean 
5 Fluorescence intensity (MFI) for (i) Background, (ii) 
S1464 and no Bet v, (iii) sl464 and Bet v, (iv) sl464, 
antibody to IgG and Bet v, (v) sl464, antibody to IgE and 
Bet v. As will appear from Fig. lc IgE, but not IgG is 
responsible for the binding of FITC-labelled birch 
10 extract to the B lymphocytes. 

In conclusion, the experiments shown in Fig. la-c show 
that the binding of a labelled allergen to CD23 on a 
solid carrier is mediated via IgE, and can easily be 
15 detected. 

Example 2 

The binding of birch allergen-specific IgE to CD23 is 
20 inhibited by immunotherapy sera even though cumulative 
birch allergen-specific IgE levels as measured, by 
MagicLite® assay are increased. 

FITC-labelled Betula verrucosa {Bet v) extract (1 [xg/ml) 
25 was incubated with birch allergic patient serum 894 (>800 
SU/ml birch-specific IgE in MagicLite® assay) at a final 
serum concentration of 40 % in the absence or presence of 
a serum (also 40 %) of a patient . receiving birch SAV for 
> 4 years (serum 1490, 88 SU/ml birch-specific IgE in 
30 MagicLite® assay) . EBV transformed B cells from an 
allergic patient in culture medium were added to a final 
concentration of 4xl0 6 /ml and incubated for 1 hour at 37 
°C, followed by two washes to remove excess allergen. 
After washing the cells, binding of FITC-labelled Bet v 
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(Bet v*) to the B cells was analysed by measuring 
fluorescence using a FACSCalibur f lowcytometer . 

Fig. 2a shows the Mean Fluorescence Intensity (MFI) for 
5 (i) s894 and no Bet v, (ii) s894 serum and Bet v, (iii) 
both s894 and s 1490 and Bet v, and (iv) sl490 and Bet v. 
As will appear from Fig. 2a the addition of sl490 reduces 
the binding of IgE and FITC-labelled birch allergen to 
CD23 to background levels. This indicates the presence of 
10 a factor that interferes with the IgE-mediated binding of 
FITC labelled birch allergen to CD23. 

For comparison, Fig. 2b shows the calculated total level 
of birch allergen-specific IgE for the same reactant 
15 situations (i)-(iv) as in Fig. 2a, the levels being 
calculated on the basis of separate measurements of the 
total level of IgE in s894 and sl490 as measured by 
MagicLite® assay. 

20 From Fig. 2a-b it may be concluded that the assay of the 
invention employing CD23 as capturing agent produces 
quite different results than the prior art total IgE 
assay MagicLite® employing antibody to IgE as capturing 
agent. Furthermore, it must be assumed that the results 

25 obtained by the assay of the invention better expresses 
the status of the subject examined, since in vivo antigen 
presentation is facilitated by CD23. 
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1. A method of detecting and/or quantifying an IgE 
antibody specific to a ligand in the form of antigen, 
antibody or hapten in a liquid sample comprising the 
steps of 

5 

(a) contacting (i) the sample with (ii) a ligand in the 
form of an antigen, an antibody or a hapten to form a 
mixture I comprising IgE-containing complexes, 

10 (b) mixing mixture I with a carrier to which is bound 
(iii) IgE receptor, said IgE receptor being CD23 (FceRII) 
and/or FceRI, to form a mixture II comprising carrier- 
bound IgE-containing complexes, 

15 (c) separating the carrier-bound IgE-containing complexes 
from mixture II, and 

(d) determining the amount of the carrier-bound IgE- 
containing complexes formed. 

20 

2. A method according to claim 1, wherein the ligand is 
labelled. 

3. A method according to claim 1, wherein the ligand used 
25 in step a) is bound to (iv) a label compound. 

4. A method according to claim 1, wherein (iv) a label 
compound is added in step a) in addition to (i) the 
sample and (ii) the ligand. 

30 

5. A method according to claim 1, wherein a label 
compound is added to the carrier-bound IgE-containing 
complexes formed in step (b) . 
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6. A method according to claim 1, wherein (iv) a label 
compound is added to the carrier-bound IgE-containing 
complexes resulting from the separation step (c) to form 
a mixture II f . 

5 

7. A method according to claim 6, wherein the labelled 
and carrier-bound IgE-containing complexes are separated 
from mixture II r and washed prior to step (d) . 

10 8. A method according to any of claims 3-7, wherein (iv) 
label compound is a chemiluminescent compound covalently 
bound to avidin, streptavidin or a functional derivative 
thereof, 

15 9. A method according to claim 8, wherein the 
chemiluminescent compound is an acridinium compound. 

10. A method according to any of the preceding claims, 
wherein the ligand is bound to biotin or a functional 

20 derivative thereof. 

11. A method according to any of the preceding claims, 
wherein the IgE-containing sample is contacted with the 
ligand and allowed to incubate to form a mixture I (step 

25 (a) ) before contacting mixture I with the carrier/IgE 
receptor (step (b) ) . 

12* A method according to any of claims 1-10, wherein 
step (a) and (b) are carried out simultaneously in one 
30 operation. 

13. A method according to any of the preceding claims, 
wherein the carrier is a particulate material. 
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14. A method according to claim 13, wherein the carrier 
is a paramagnetic particulate material. 

15. A method according to any of the preceding claims, 
5 wherein the IgE to be detected is quantified using both 

CD23 alone to obtain a first measurement and using FceRI 
alone to obtain a second measurement, 

16. A method according to any of the preceding claims, 
10 wherein the number of ligand molecules is between 100 % 

and 200 % of the number of IgE molecules to be detected. 

17. A method of detecting and/or quantifying a specific 
IgE antibody in a liquid sample comprising the steps of 

15 

(a) contacting (i) the sample with <ii) a ligand in the 
form of an antigen, an antibody or a hapten to form a 
mixture I comprising IgE-containing complexes, wherein 
the ligand is bound to biotin or a functional derivative 

20 thereof, 

(b) mixing mixture I with a carrier to which is bound 
(iii) IgE receptor, said IgE receptor being CD23 (FceRII) 
and/or FceRI, to form a mixture II comprising carrier- 

25 bound IgE-containing complexes, 

(b' ) separating the carrier-bound IgE-containing 
complexes from mixture II and washing the said complexes, 

30 <b' ' ) adding to the washed carrier-bound IgE-containing 
complexes a solution of (iv) a chemi luminescent compound 
covalently bound to avidin, streptavidin or a functional 
derivative thereof to form a mixture II', 
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(c) separating the carrier-bound IgE-containing complexes 
from mixture II' and washing the said complexes, 

(d) initiating a chemiluminescent reaction in the 
5 resulting IgE-containing complexes and 

detecting/measuring the resulting chemiluminescence, if 
any. 

18. Use of the method of any of claims 1-17 to monitor 
10 and evaluate the immunological status of a subject. 

19. Use of the method of any of claims 1-17 to monitor 
and evaluate the immunological status of a subject 
receiving Specific Allergy Vaccination (SAV) treatment. 
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A method of detecting and/or quantifying a specific IgE 
antibody in a liquid sample 

ABSTRACT 

5 

A method of detecting and/or quantifying an IgE antibody 
specific to a ligand in the form of antigen, antibody or 
hapten in a liquid sample comprising the steps of 

10 (a) contacting (i) the sample with (ii) a ligand in the 
form of an antigen, an antibody or a hapten to form a 
mixture I comprising IgE-containing complexes, 

(b) mixing mixture I with a carrier to which is bound 
15 (iii) IgE receptor, said IgE receptor being CD23 (FcsRII) 

and/or FceRI , to form a mixture II comprising carrier- 
bound IgE-containing complexes, 

(c) separating the carrier-bound IgE-containing complexes 
20 from mixture II, and 

(d) determining the amount of the carrier-bound IgE- 
containing complexes formed. 
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CD23-based immunoassay for the detection 
of allergen-specific IgE a) with preincubation 



IgE 



IgE + Bioiinylated Allergen 
Incubate 



*gE Y IgE 
Allergen / IgE complex 



IgE 




Incubate CD23 bound (o 



carrier 




IgE _< IgETigE 
IgE * 

Wash t 




Incubate Streplavidin-acridinium ester reagent 
1 & E \ IgE 



Wash 




FIG. 3 



t 

Read flash 



^oc^#dtaget PD 
2 2 x DEC. 1998 



CD23-based immunoassay for the detection 
of allergen-specific IgE b) direct assay 
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